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(54) COMPOSITION FOR FORMING FILM, FORMATION OF FILM AND LOW- DENSITY FILM 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a composition for forming a film which is curable at <450° C, provides a film 
having proper uniform thickness, dielectric constant characteristics, water absorption characteristics, excellent 
CMP resistance and a small void size, useful as interlayer dielectrics in a semiconductor element 
SOLUTION: This composition for forming a film comprises (A) a compound of the formula, R2R3Si(OR1)2, a 
compound of the formula, R2Si(OR1)3 and/or a compound of the formula, Si(OR)4 and a compound of the formula, 
R2sR(R1 0)3-sSi(OR1)3-tR2t (R1 to R3 are each the same or different and a monofu notional organic group; R is a 
bifunctional organic group; and (s) and (t) are each an integer of 0-1), its hydro lyzate and/or its condensate, (B) a 
(meth)acrylate polymer and (C) at least one solvent selected from the group consisting of an alcohol-based 
solvent, a ketone-based solvent, an amide-based solvent and an ester-based solvent 
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;u) yi^X fcf* (h'J-n-7*h^yyU;i/) 
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^>-fe->, i, 2— (by-t- rb^>*>y;i/) ^ 
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XfcfX 1, 3— t* (hlMh*'>>'M') 

x l, 3— tr* (b yxb^y-fyy^) ^xtfx 

1, 3— tT* (bU — n— 7uifs*c*/*,V)V) ^>-tr 
X 1, 3— £* (by— i— 7Dtf*$/2/U;i/) ^> 
-t?X 1, 3— £* (by— n— 7b*isisV)V) 
■t?X 1, 3— fcf* (b'j-sec^h^i/y'j;!/) 

^>4fx i, 3— tr* (by— t— 7b^>->u;i/) 
^xex i, 4— tr* (by,* b^y^y^) ^xt? 

X 1, 4— fcT* (byxb3rX>y;y) ^xtfx 
1, 4— e* (by— n— 7uK*isi'V)\s) ^>-tf 

x i, 4— tr* (hV-i-rD^yi/U;!/) 

-l?X 1, 4— tf* (h'J-n-7h^y^'J;i/)^> 
•ifX 1, 4— tT* (hU-sec-7hiryy'J;i/) 

^xex i, 4— tf* (by— t— :rb*^>y;i>) 
£^£W£££:#t-£§o cix^ofb^i (4) 

[0 0 2 1] ±Miti&D (4) 4>T'fciU tT* (b'>M b 

t* (byxb*^>y;y) 
>£#E>t:* (by7;i/3*S/3/y/i/) y<*>; l, 2 
— tr* (by* b*^>y;u) x*x l, 2— t* 

(b yxb*-X>y;i/) x^x&tfBl, 2— e* (b 
yr;i/3*i/*>y;i/) x*>; 1— {V* b^>y^y 

*>y;i/) — l— (h h^r^f>';;u) **x i— 
(>?o:h^^^;^>v;i/) —l— (byxb^iyy-y 
;y) y*>fttfz>i— (^tj^^>^^-^ ] )a) — 

1— (h'j^Un^r^^U^) **>; 1— 0X*h* 

^^;i/^u;u) — 2— (by* b*-x>y;y) x* 
x l- (s;xh^w/!;M -2- (hvxh 
*s^>y;y) x*>ftifc7)l— (VT)^^y^)^y 

—2— (h ur;^^>iyu;i/) x*> ; 
[0 0 2 2] tr* (i^ h^>^9-)^>VJU) **x 
tf* (^h^ri/^^;i/^';;i/) **>&^t:* 
r;i/3^iy^^;i/^y;i/) ^*>; l, 2— tf* 
t*ir*f-n&VM x*x l, 2— tr* (^xb* 
x*>&£:odi, 2— t* (^t;i/3 

*^^;y>-y;y) x*>; 1, 2— e*(by;<b* 
i/i/VM ^xfe'X 1, 2— £* (b y^b^iyy 
;u) ^>-t?x l, 3— tr* (b y* b^x>y;y) ^ 
xt?x l, 3— tr* (h'jxh+yi/u;i/) ^ 
x l, 4— tr* (by* b*^>y;i0 ^xtfx 
i, 4— t* (byxb**x>y;y) ^xtfx&^t: 

* ( hV7)l<3 Crisis ^>-fe?> ; #$?£L<s # 

ice* (by* b^s^y^) **x tr* (byxb 

;y) **>; 1, 2— tf* (by* b*>-:yy;y) x* 

x.i, 2— t:* (hijxh^y'j^) x*>&#7) 
l, 2— tr* (byr^^y-y^) x*>##£u 

[0 0 2 3] ±13 (a) mttm&tzfcem m - 



(4) ZhUfcfrm. ffi&ZVmiz. R l 0—X-£2ti 
§il ; E;^ifcD^ 0. 2S~~3 : £)l<<D7k*m^Z>Zt 
##2;L<> 0. 3-2. SWCDTkZlMjLZZtim 
U V ^ilDl- £*GDg# 0 . 2 5-3 ^W&H 

[0 0 2 4] ( A) f&ftZm&TZ><t&® ( 1 ) - 
(4) £;&Q7fc$m if&l^^l&KBU UT 

« fe^g^^jf ^ 

[0 0 2 5] ^Jl^rU-bYb^ilUTi^ 00^. h 
^X HJ-i-7D^y^y {7*3-^7^ Y± 

-b)^x by— n— ^b^r^-^ey 

■bb^- b) ^X h'J-sec-r^y-^ 

(/-•b^i/T-tr b^-b) ^x by— t— yv^> 

•^y" (T-fe^T-fe b^—- b) ^X ^x^y« 

try; (r'fe^-;i/7 7 -bb^b) ^^x s^-n-ro^ 
*fy • « (r-fe^ur-fe b±~b) *-*X i^— i— 
rD^^y- (T-fe^l/y'Hr b^— b) ^x ^ 
-n-rb^ry • « C^-fcr^l/TMr b^-b) ^ 
X y— s e c— 7 b**/ • (T'fe^T'-tr b^— 
b) ^X t— :/b=H" tT^ (r-tr^l/r-tr b 

7"-b) ^x ^yxh^y. h>;^ (r-fe^y^-tr 
b^-— b) ^-^x ^y-n-ro^i/- by* (r 

-fe^l/T-b b^-— b) ^X ^y*— i— 7*D^i/ • 
b'J* (r-fe^TM? b±— b) ^X ^y*— n— 7 
b^r^>- b'J* (7^f;i/7-bht-f) ^X ^y* 
-sec-7h^y- b'J* ( 7^)V7 -fe b b ) 
^X ^- 1— rb^riy • by* (yMr?-;i/T-tr b 
^-b) ^*X ^b^^r* (7 , 'irf-;i/7'-fe by u -b) 
^X b'Jxhify^y (x^i/T-tr bv'-br-- 
b) ^ X b 'J~n-7D^i/ • (x^;i/r-fe 
bTMr^-b) ^X by— i— rD7K^-^y 
(x^;i/7t b r-tr^— b ) X b y— n— b =^ 
> - ^ey (x^;y7 , -lr bT'-fe^— b) ^X b y— s 
ec-7^y-^ (x^;i/7th7tr-h) ^ 
X by— t— rb^>-^ (xf;i/7^F7tr- 
b) 7-*X ^xb^riy- tr* (x^y^-t hr-fe^- 

b) ^X ^-n-/D^y- t* (x^;y^b 
7--tr^-b) ^^X ^— i— TD^i/- t* (x^ 
b b ) ^ X ^— n— r b ^ry • t:* 

(x^yy'-fe b T-fe-^— b ) 3-2 X ^— s e c— ^ b 
^r^>- tr* (xf;i/7t br-trT 1 — b) ^*X v— t 
— ^b^r^ • tf* (x^-;i/7"bb7'-lr7 1 -b) ^X 
^y^b^rv- by* (x^UT'febTMrT 1 — b) ^ 

x ^ey— n— rD7tf^^> • by* (x^yr-febT'-fe 



(7) 
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f—v) ^ey— i— rn#*s/ • bu* (x^ 

JUT^YT^-Y) n— 7h*i" Y 
(^^l/T-bb/Mr^-b) ^y— sec 

— rb^-i" b^* (xf^UT-bbr-bT 1 — b) 
x ^ey— t— 7h^>- by* (xwur-fe b^-bT 1 

-b) tY?** (x^i/TMrbr-feT 1 — b) 

^ (7Mr«ltfMr b#— b) b'J* (x^;U 
^-bb^-b^b) ^*>> « CPWWTMrb*- 

b) t:* (x^i/r-fehr-t^-b) ^*>> b»;* 
(r-b^i^-bb^-b) ^ (xf;i/7th7tf- 
b) ^*>&w>*-*>*i'— brt;£«&; 

[0 0 2 6] h'Jxh^y-^ (TMrWl/r-feb*— 
b) i/;i/3-^A, h U— n— 7*D^'> • ^ y (7*b 
3-)ls7*hi~- b) ^;i/3^»>A, bU— i— 

(T^jvr^zY-r-v) i^n-^A, b»; 

x\£A. h'J-sec-7h^>-^ (T'-b^PT-b 

b) ^vrj-^A, b'J— t— Tb^-^ey 
(7tt))/7*Y1— b) 5>;i>3x*A* ^F^>« 
tr* CP-b^r-b b^— b) $?;i/nx*A, s>— n— 

A s i?—i—7uX*i/' fcT* (TttfrT* Yi— 
b) 3^— n— ^b*^-t^ (T-b^ 

y-ferb^— b) v^n-^A, ^-sec-7h^>- 
e* (T^^T^Yi— b) ^n-^A, ^— t— 
;rb3 : -> • ^* (T-te^I/^-feb^— b) ^-l) 
A, ^yx.b*S" Y*)Z (TttfrTlzYj— b) 5? 
;i/3x£A, n— rDtf*S" bV* (r-b^i/ 
T-bb^- b) ^;i/3x£A, ^ey— i— rDtf*S" 

by* (7*w-;i>r*b*— b) ^w-^a, ^y— 

n— ;7b^>' blU (7-b?-;i/7Mzb:^-b) f^Un 
-*A, ^-sec-7h^>- b^* CP-b^UT 

Hrh^-h) s;;i/n^A, t— 7>*5" bU 
* (3Mr*VI>7Hrb*— b) ^b5** 

(r-b^r-bb^— b) i^l/^-^A, h'Jxh^> 
(i^ur-bbr-bT 1 — b) v;i/n^^A, b'J 
_ n _^n#*S/ • (xf;i/7th7tf-b) 5* 
;io^As bU— i— rn**^-*; (x^;i/^-b 

h^-b^— b) >Ml/3-£A, b 0— n— ^b*^ • ^ 
y b^-b^— b) ^;m^^As b U— s 

ec — rrb*^-^ (x^l/^-bbT-b^-b) 
3~£A, b'J— t— rb^v-^y (x^mbr" 
•b^-b) WI/3X>> A N ^xh^>« tf* (x^t 
-bbT-bT 1 — b) i/;wx«)A, ^— n— 7d^>- 
tf^ (x^l/r-bb^-b^-b) ^;i/3^r>A> i 
-7D^>- £* (xfmhr-irr-h) 
-r>A N 7b**>-t* (xwth7-irr 

— b) ^l/^-^A, i^-sec- 7h^>- t:* (x 
^T-b bT-b^-b) S^IOX^A, v— t— 7"b* 
>• £* (x^r-bbTMr^-b) V)l>a-Ok, * 



yxh^>- b'J* (x^;i/T-b br-b^-b) i^Jlo 
x£A, n— "Tntf**/- bU* (x^l/7th 

7-b^-b) s^iox^a, i— 7d^^> • b 

U* (x^r-bbT-b^-b) ^urj-^A, ^y— 
n— ^b^r^- bU* (x^;U7-b b^-by 1 — b) ^1/ 
3-^ A, ^-sec-7h^- bU* (x^;P7 
-b bT-b^-b) i/;i/3-^A, *;—t—7Y*i'' 
b'J* (xf;i/7tf7Hrr-f) i/;i/ZJ-^A, ^b 

(x^l/^-bb^-bT 1 — b) ^l/^-^A^ 
(7-b^-;u7Hrb^— b) b'j* (x^r-b b^-bT 1 
-b) ^;i/3-^a, (7-b^;i/T-bb^-b) t: 
^ (x^l/^-bbT-b^b) ^;i/3-0A, bU* 
(7^P7tbt-h) ^y (x^l/7th7-tr- 
b) ^;i/3x:^A3&^c5D^;«-^A^l/— bfb^l; 
[0 0 2 7] bU* (TttfrT-tYi— b) 
»)A, bU* (xf;i/7bb7tf-b) T;i/^-^A 

[0 02 8] mz.& rntr^- 

& ***>m, ;j->m. T±>m. ^ 

r^y^S^s p— b;px>^;u*>S^ ^>-b>* 
^ b'j^^ng^, vn>», *;!/*> 

7v;i« ?3L>m, mEm*¥*m? 

[0 0 2 9] ^«S»hLTtt, ixil tru^x t: 
d — ji/„ tr^^^x tD'j^x tf^u^x tr^u 
>> b ? ;y^r^>> h'jxf;i/7;X ^x^y 
— ;i/^5.>> >?x^y— ;i/7 7 ^>> ^^«/x^y 
ty^f^x^y-^^, bUx^ 

Dyfx ^rtftf^^n^v^-bx ^b^y^ur 
>^nr>A/W KD^-^-f Kfcttfc^tf* 

bU^A. zK^fb*V^A, Tf^fb^U^A, Tjc^^b* 

[0030] dne>tt&©5^ ^js^u-b^b^ 

tt^ii, ia&Si^2«J[jU:*^IB*fc:«ffll/TsbJ: 



(8) 
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[0031] ±fflm<o®ftm&. (i) - 

(4) (DR 1 O— T*3ft*»0lMl*M:*tl/t, 

o. ooooi-o. 05^;w *?£b<&o. 

0 0 00 1-0. 0 l^l/TfeSo 
[0 0 3 2] (A) (1) - (4) 6D» 

CDSS¥^?flT% 500-300, 00 0, 

8F£b<&> 5 00-200, 000, $6fc»*U< 
ttl, 0 0 0-1 00, OOOggT^o 
[0 0 3 3] £fc* (A) J5E»+© (A— 1) - (A— 
4) CDfO^tt, %M&kfrm&&V}£tm Ltz&f£ft<D 
®&X\ (A— 4) / { C (A— 1) , (A— 2) 
V/£tz& (A— 3) D + (A— '4) } #5-5 OmS 
% »SU<tt5-4 5m «fc»Sl<ttlO- 
45Sfi%"e^D {fc£U C (A— 1), (A— 2) 
fc<fctf/£fcfc* (A— 3) D + (A— 4) =10 OMR 
%} , fro (A— 1) < (A— 2) , fro (A— 3) < 
(A— 2) T-&3o 5^tokfm&£®£t§m l,tz&f£ 
#<3l!l£T\ (A-4) / { C (A-l) , (A— 2) 
(A— 3) 5 + (A-4) } fr5SS% 
^T^ff^tu^^m^lW^^fr^TU £fcCM 
Pfl»£frT&££3o — 5 0m£L%*m?LZ>t®7k 

(1) - (3) ©SiORSfrl0 0%jUDxK^PbT 

[0034] (B) (^) 7^'Jl/-hM^ 
*8Wfc:*5^T, T;i/3^vi/V;i/S^0. i-5^e;y 

•rs j e> r v-ii7'^y;^ y(**y>u^ 7*y;i* 

[0 0 3 5] 7JU3**sisVJtft£7i?jifrmAEfl& 
^^yv-CD^WH^ LTfct e^l/h 'Jy< h«/->* 

x hT-;i/hV^h^>*>vx exvi^yrn**^ 
b**»7X toMf^xh+i/i/7>s tr~;y 

[0 0 3 6] T'J;i/h b*^>7X 7 ? J;i/h Ux 
h*S/2/5X yt))UVV7'X3X*i/i/ : 7>^ T*))lY 
y7h**X>7X 7 , ;jMf-;i/^h^^7>, 7 



:x;i/$/^;M b*2^>5X rrxjl/y^f;i/xK 

[0 0 3 7] (3-7^UD^ryrD^l/) b'J^b* 
$/*>7X (3— 7^ , JD^DWW bVxb^y 
>^X (3— T^yD^Z/Ot^U) bV7D^y 
*>^X {3—T*W*i''7u}£)U) h'J7*h+yy 
^X (3-7^yD*y7DWl/) **fr*J*Y*is 

>?x (3— r^UD^^Dtr;i/) ^;i^xh* 

»7X (3-7^Un*y7DWI/) >^^;Mh 
h 5 (3-7yUD^y7D^l/) y 7 ;^ 

[0 0 3 8] (^^^'JD^^) h'^b^yy 
7X (^^^VD^y^f;P) Hjxh^ryyyX 

(^^y'jD^y^^) h'jro^yy^^ 
^y'jD^^l/) hV7h^yy7X 0<**y 
a^>^)U) *3-)\>is* h^>^x t***yn 
*y-yt^;i/) ^i^ih^>'>7>, (^^^'JD^r 

*>^;y) ^WK^J/7>, (^^'Jo^y 
^7"-;y) WfJHh*y'y7>ftir© C***yn* 
S^tSU/) ■ 7;U3^>2/7>«; (2-^^yo+y 
x^;i/) by^b*>->^X (2-^^'Jn*yi 
^-;y) b >J^h^riyy/^> N ( 2— y<#<7 U n*S/Jt^ 
;u) h'jrn^yy7X (2-^y'jD^yx^ 

;H >w^^>'>7X (2-^^^'Jd^>i 

>/a:^;y) iyyi7^;yxb^r^^-7>^^ (2— 

[003 9] (3— ^^yn^rnfcVl/) h 
^>^7X (3-^^y'in+y7D^l/) hyx.h 
**>£/^X (3-^^y'Jo+y7-aW b»jrn 

***>^x o-^^^yn^yrawi/) hyr 

h*>->^X (3-^^y'jD^y7Dt:;i/) > 

□ tr;y) 5M*-;i>xh*3/5/7>fcWD (3— p<**y 

[0 0 4 0] (*3--)l>3L?-)\,) Y V* h^r^v^X 

(7fx;pxf;H h ijoib^riyiy^v, 
^;y) h'J7D^yyyX (z^-JU^fr) bU 
7h^yy7X ^«I/^h*S/ 
^>^>, .U«l/Xf-;i/) ^fi^xF^yy7X 



(9) 
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[0 0 4 1] ZthZCD^X's tf-;i/MM b**»7 
X hr^b'/xb^i/S/^X 7"J;i/by^b*^> 
5X r^^h'Jih^^^X ^x;UhU^h^ 
S/^X /f-^hVxh^^V (3— 72 Vu 

hiJxh^»7X b 
ij^^»7X (2-^^^'JD^>x^I/) by 

Ih^»7>, b'J 

^b^S^X O-^^^'JD^/D^l/) by 

X C^x^x^u) b'Jib^>7>, WSfctf 

[0 0 4 2) 7^ y^x*^;!/®^*^ i/ttiu ^ 
^ur^yu— k if^ui/- k n— rDtr;i/ 

T^yu— k i s o — 7*n tT^l/T^ 7 U 1/ — bx n— 
f^'jU- k i s o— bx se 

c— U k t e r—yf-frTt V U— 

k :P£;i/T*yu— k ^^i/^Vi/— k 'vr 
^;w*yu— k a-^^ur^yi'— K s=wr# 
yu—k rw^ui/-h> b^>;i/r^yu— 
k xb^^r^yix— b> ^r>>;i/7^';i/ 

-bx ^rW^yi/-h. t S^D'vfr^r* 
yu— b, 2-xf;^W^yu-h, 2— tb* 
n^Xx^i/T^y I'—k ^xfi/>^ij3- ;i>7>^ 
#yi*-u n— ;i/7*yu— k 2— 
^ b 5ri/3-^-)V7*7 V \s — K * h^>^xfi/>^'J 

^ b*i>^yx^u>^yn-;i/ 
7^i;i/- k 2-xb^yx^7^ y k xb 
^>^xfl/>^';3-;i/7^'Jl/-fs xb^>*y 
Xfl/>^'J3-^»J U— bx 2— tKD^TD 

wi/7^y i/— k ^rotuv^y^^i/T^'ji/- 

b> '#virv}£U>#V3— )V7$V Is— k 2—^ b 

;i/T^yi/— k 2-xh^7nK^ , JU-K 
x h^^y/D t:i/>^'J 3-;i/7^ ij I/- k xb^r 

y^ij7DKi/^U3- j^'ji/- k ^>^;ur 

£ 1>IL/ _ K 7ix;u*;i/tTh— ;PT<7 yu— k ^x 

y U— k y-i^x- ;i/7j;btrb— ;u 

r^yi'-k 2— ^fJI/7^xf;i/7^'JU- 
k 2— ^xW^xfmUW K n— tfx 
ji/tD'jFx ^s/^D^>^x;i/;t*xx^i/T^y 
3rb7bb*D7;u7 , ;;i/7'^yi/-b, -yv* 
;px;i/^^ y u- k ^y :y>x/i/T^ y u— bfcifS)* 
y7^'J b-b^; 

[0043]x5 L l/>^'j3-;^7^»JU-b, ^x 



fl/>^U3-;i/^7y'J U-k ^'Jxfl/^U^ 
-Jl/$w;w— K 1, 3— 7 r 7 c u>^yrr-;i/^>' 

*yu— K i, 4— rf-i/^un-^r^'ji/- 

k ^^>f 3-;i/y*7^ V I/- b> 1, 6 — 
^1f>^y3- -JWT&VU—K 2, 2— tr* (4 
-7^'jn^>rDt:D^i/7ix;i/) 7D^>, 2, 
2— (4-7^'Joiry^F^>7xx;i/) 7D 
^yfcifcD^T^'jb— b^; by^^o— ;i/x^>b 

yr^yu— k by^^n— ;i^ti/t>hyr*yi/ 
-k i>*jty*y h—^hV72^)u— b&^ob 
V72VU—Ym; i>* V— JUT- h 572*) 
1/- hftifOr f 77^ 'J I/- MS ; 
3o £*i£fck iatfe«±2a^±$|5lB#t:ffifflL/T* 

[0044] ;i^x^^;i/£7)^^ i: UTfct 

^M^^'Jl/- b. x^;M^^y k n— r 

DW^^Vu-h, iso-rDW^^yi/- 

b, n— r^;M^^yi/— K iso-r^^^ 
yu-bx see-^^'JP-K ter-7 

k *<mu**9Vu—K 
*^yi/— k yx^M^^yiz-K 7^>;M*^y 

U— k K^>;M^^y l/— k 7^b^X>M^ 

yu— k ^*f^M^^«;u-F, ^^s^i/ 

^^yu— k y^D^y;M^^'Jl/-h, 2— 
xf;k\^y;M^^VI/- k 2-hFD^yxf;i/ 

^**yu— k yx^b^ya-^^^yi/- 
k ^yx^uxryn— yu— bx 2— ^b 
^ryx^M^y bx ^b+S/Wl/^ya 
b> ^h^'Jxfl/>^U3-;i/ 
^^yi/— b^ 2-xb*s/x^^^yu-K 

xb^yxfl/^ 1 ^- ;M*^y bx xh^r 

i/^y^uv^yrj^M^^yiz-k 2-tKD 
^^^yi/— b. #y 7*Dei/>^'j3- ;u^^^y 

— bx 2-^h^>7'Dt:;M^y , ;u-h, *b=*> 

"yrDKuv^yb— ;w^^y u— b, ^b+^y 

7 , Dtl/>^'Ja- U— b> 2-xb*y7 
ot:;M^^yu-bx xb^^ntru^yn- 
;M^^yi^— bx ih^/KWKi/^iJa-Jb 
^^^ijl/- bx ^y^^'JWK 7xz^i) 
;i/tf b— ;m * * y k ^ x;y^ ^ x;u^ ^ ^ y u 

— bx yx;i/7xxji/Mtf b-;^^^y^-bx 2 
— $;^^l/7^xf;M^^'J U-b, 2—^x^1/ 
r^/x^^^^y I^—bx yy^D^>T-M^r 
^jn^l/^^^y V— bx fh7tHD7;P7W^ 

*yu-k ^v^M^'Ju-K ^y^>^;i/ 
^^^y bftifC^^^y b!^ ; 
[0 0 4 5] x^i/>^'j3- ;i/^^^y U— bx ^ 

xfi/^y^- bx it^yxfi/^ 



(10) 
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K 1, 4— W>^U3- J^^^Ul/- K * 
^>^U3-;i/^^^';i/- K 1, 6— 
yy?i)z2-)\,i/**>7*)\'-Y. 2, 2— tr* (4— 

^^'ju-b&; b U^^o— 'Jxi^y 
[0 0 4 6] ;WeHJ!fci30T, ^a^^^'^HS** 

^^fcjftfrfs^e^-fc. its, o. l-io 

^;u%> *?£b<&0. l~8*;i/%<DS!f£T-^£ix 
[0 04 7] *|gflS0ll»gfiWifflfira t *5V >T> ( B ) 

IB (a) a&tE& Ltz*mT:®im* tt&rz> z. h 

[0 0 4 8] *«Bifc*»^1^ 

yVjbfrS&t*;^-** 0*;i/%J£TF£M^l/C^ 
^^KP^'J^T^ h\ N, N— fiVAtT 

[0 0 4 9] #^J|iCi3t,vt\ (^^) r^UI/— b* 

a^f^^y^i/vswft^PS^witt, i , ooo 

-2 00, 000, #£b<ttl, 00 0-50, 00 
0T-&3o 

[0050] ttz, *«wfc*5^r, c**) 

b<&9~l 3f$)§o SPtt^C^ttfflfc&S^ »' 

*©^BtMX#'h£lr> (<10nm. BJHS) & 

[0 0 5 1] #*»DK> (B) 7*VU-h%M 
mm 1 2ttT©BWK7^ U I/- hfcitf/ 
Sfctt-* * * y u- h £ 5 o ^e;i/%^±^tre: 
u\> (b) Ttvv—vwM&tttvz, z 



[005 2] (B) (^^) 7^Vl/-h^l^^ 

fflgfcju (a) a» {^^m^m^mm) 1 o o 

6 5SM^5T'$)^o ISSSfcfcSmJU «S**TJfS 
[0053] (C)jfflE 

^mmmzmmm*. (a) be»*>*j:v (b) 

C**) 7^'Ui/-h»m (C) 

««ftbfciUft< Ifl0^fc^£fci±£f3cb"t& 

M n-7D;V-;k i-7D;V-;k n 
— ^ y — "i— y — ;k s e c— y — /k 

t— ;i\ n^o^y— ;k i- — ^>#y— 
;k 2— ;w sec^y-M t 

2— t+i^s* J— ;k sec— ^ify— 
;K 2—^ xf;i/7^y- ;K sec — VT^y— ;k ^ 

r^y— 3, n— m 2—^;^^ 

;k 2, 6— ;i^4> n— — 

;K s e c— £ >y 5^7VI/3— ;k h U * — ^ 
;k s e c — 7^ b ^^i^^P^l/n— ;k sec 

y-M ^^i/^^n^if-/— ;k 3, 3, 5— 

•fe b >7))/zi— ST*J\/^—)Ufcj8& ; 

[0 0 5 4] x^l/>^V3- ;K 1, 2-7D^l/> 
;K 1, 3-7f-l/>^'J3-jK ^>^>^ 

^--;^-2, 4, 2— y^;i/^># > 2 , 
4. ^if>^— ;i^2, 5, 

2, 4, 2^ x^;u^^>y*— 3, 
>^yn-Jk h'J7Dt:u>^';3-M^l7 

[0 0 5 5] ai^u>^';n— ;i/^ey^^;u3i— 
x^-i/>^U 3-;i^yxf-;i/x-f;i/ N zc^u>^'J 

xfi/>^U3-;i^e;^>;i/x- 
xf n-W/' 7 xx;i/x-f;k x.^- 

u>^';n— jv^s— 2— x^r^px- ^x. 
^ 1/ >^ ij D-;i^ey ^f-;i/x-r;k ^x^i/>^g 

/nt;i/x- s;xfi/>^y3-wywn 
-^f;k yxf i/ >^ y n-;^ ; ^^'>;i/x-r;k 
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[0 0 5 6] CtifcTVUrJ— ^©fl, n-7o;V- 

i— ;k n— M i— — 
;K sec-^y-ik t— n-^>* 
y-;k i— M 2— *W?$J— fr> s 

ec __^y,$7y — ;k t — ^>*y— Jk 3— ^ h*$" 

y^y-;K n— 'x+UV— Jk 2— *^;i/^>*V — 
;K sec-^W-M 2— 7 
Dtri/V^'Jn-^y^^x-rM 7Dtl/>^ 

[0 0 5 7] *h>SM8*li:l/t:fck 

x 2-^r+>v>, ^^lo/^n^-tfv >> 2, 4 

4 v^y^X 2, 4^\^>^>> 3, 5 

2, 4— ^ _ ^^>> f ^">> 3, 5— 
2, 4— J+>V*>s 3, 5— y± 
>^>> 5— 2, 4-^^>^X 2, 
2, 6, 6 — ^ b^^^I^— 3, 5— *<79>V*>, 
1, 1, 1, 5, 5, 5-^^7;^D-2, 4-^ 

Wtf>& if©/?— > >m&Z&&f*>tiZo 

[0 0 5 8] 7* MWBKfcl/tHU *W7U, N 
— ^^;i/A7; h\ N, N— ^f^A7; 
h\ N — xfjl/^;i/A7; h\ N, N— 
TIY. N — J>?-)VT-\z YTX b\ N, 

N> N __ ^x^r-fe bT^ h\ N — j*3-}\/7n tf;t> 

yiY, n — ^^i/KD y N — 3fc;i>^;i/^i/sfcy 

[0 05 9] x^^WWBKfc L/Ttt. 



K ^x^l/>. g&T'ntfl/X 0^x?- 

-Ai/D7^h>> ffMn— rntTM tt#i— rat: 

it&n^V^v'k t^s e c— Bt% 
3— ^b*>:7^;k |fflyfM>f-M lf&2— x: 
^r^> > l«2-x^'>M »SK>^k 

n— -/-M 7tHHyf^ 7MrH»x«I/, » 
>^yrj— ;i^eyx^;i/x-^;i/, ilyxfi/>^J 

^yxfji/x-fJk |^yxfi/>yij3-;Ky- 
n— r^x-~r;k i^rDti/^yn^y^ 
mrDtl/^U^-^y'x^l/x 

;k i»rnt:u>^y3— » 
ii/7a t:i/ / ^ f^x-rM itHx 

mtfbv^un— ;irEyxf;i/x- s/tw^y 

3-;k ML* b^>bU^V=3-;K 7D^>ix 

;k *>i£&^— n— T^k 

^;k RRx^;k flMn— ?L^n— 
;k vnvg^x^k yfnmp**^ yfjmv 

(C) ia*Sl^(42|iljU:*S^UTffifflf 
[006 0] ftib\ ( C) ^£2: UT, Tfrzi-frmm 

[oo6i] *mmmmmffl&> ±sb© (c) 
^aE^w-rs^ (a) d(»*«Bitr«ft«* (i) 

- (3) *l)Wk^&£Zf/£tc.{3M&tZ>l%^ 

[0062] (a) f^*msfr*to&m 

(1) - (3) *®M2'£tzm&$£fr£tz&±& 
(C) ^+^«Rbfc**Wtt»feS^tt«*W^ 

io-rso ccdbr, »^ ^a+twaaDbTfe^T 

l^"C4)«fcl^o dCD^CDS^tag^LT^ MS> 0-1 
0 0°a $f^b<iil 5-9 0°CT*$)^o 

roo6 3i *<pm>mm 

10-2 Onvz, SJK^iBK^l 0-4 omjl%^© 
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fccfctM V7U9\J— JUisVfrJJk ;M&{bJ&XH 
(«) CL «*;b*KW»f6ti«« 

[0 0 6 4] ^D^f Kttr;i/^fci/cfck BSfls*x 
« («0 WDr;u^^/;i/5 2 0, hi oo N 1^20 

f n n fi S 1 BCTSBRWIHBMfcg)a»^i£ 

t£ (C) *HW\ (A) J5j&*tttifr*ftdtt (1) 
- (3) "(B) ^^rig^UTs 

[0066] ^mmm^s<om^D^0Mimt lt 
<d (a) fm*m&rz>tt&to (i) - (3) , x&if 

(C) ««**>fc3ig£W^ pfrZMcD&ZtinjlT, tin 
• l^fifcfclT-pfc©'^ (B) f&fr*W&\s2 

0 (A) ja#£«fiW*fb£4fc (1) - (3) 
©t, (B) £fctek#P ■ 

0) (a) mfrzm&t&fo&to (D - (3K (B) 

fi&M3<fcU (C) J^*£fc£>ig£»:, /W5£fitf>7jc£ 

S> (A) j^*«BW"4fl3d* (1) - (3) , (B) 
fiJfcMsiV (C) R/r£fi£>7j<£ 

[0 0 6 7] ^©cfc^fc:LTff6>^*IBBS®«J5E«&© 

±nBdWE& #s u < tt, 2-30 ms%-e£ 0 , 
2 - 3 om%-c&£> ^Kows^^^ttffl 

(C) «Kt:«J:S«RtJ:oTfT*)ixSo Sfcfc, 

[006 8] *ira©fflfi^*ffl^^«*ff5fi£-r5 1 
§0 CdT% *.$&M<Dffl£® : && : fi? 2>Z£&T-2Z>& 



$ Q *mi<D®sm&. «fc^y3>->x^\ sio. 

[0 0 6 9] ««BUPi:l/t* 1E& 

D"ei?^0. 0 5-1. 5/zmH^ 2H!g»)"CttJP£ 

0. i~3ummm<Dm&zxzf&-rz>zt&-(:BZo m 

&TZ>gm&&2&. ilS> 0. 2-2 O^nTC&So 
<D±IB (B) fiS^>^^^O^T-tt^ UT . 

(a) fis^fc-erawbs-fr. *vnt-±I2 (B) 
©a<b»i:-r*^ ©±ib (b) )5£^d^?^u± 

[0 0 7 0] ^fc, ±13® (A) J5S^)Wb^i: 
(B) iWfcfcUT, 
m^J^^L^t), ^ ®&tz£(D%- 

m$L*MiRtz>ztftxgz>o mm, <b) ^^>^? 

mS&s M&s 2 0 0-4 5 0°a ffSU<!42 0 0- 
3 5 0°Ct?^§cdt% ^aS^t(ic©iaKW±t: 

[0 0 7 1] CO«fcdCbT»&ttS*«W©<K&a[^b 
flKi, iiSTs 0. 3 5-1. 2g/ciii. 

WKttO.'4-l. lg/cik IX 
(iO. 5-1. 0g/ciiiT'^)^o 0. 3 5g/cm 
'^T-tt, H«WWU -^,1.2 

(B) BE^z>^*ftt:«fc?), s^^^l-T^cii^-et 
[0 07 2]^^,^, *«BJ©fia5«bWix B J H?£ 

Cco^^mWUix #»»fci5tta (B) ^^ffl 

fii^ci«a^*u fc^^ ^m$:i2 7 o a 2. 

5atm, 10 0%RH, ©^SJC 1 BSKttS L^:« 
3^^Mfi^3*0 (A— 4) fiE^Wt?:^ 

ge® c?«ea t r z>mx hzttrezz* 
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[ 0 0 7 4 ] 2 £ ic, ^0J^^<b^^m$«:, 
<I^r*:6D, il^> 2. 6-1. 2, $?£L<& 
2. 5-1. 2, 2£W?£L<&2. 4-1. 2T$> 

(B) ^^D^WSCctt}^1"SCi:^"e^So 

[0075] #^j§®{EffigBitiu %m&t®tu mtt 

$tW®gXL®h>Z>Z.tfrt>, LSI, S/^ALSI, 
DRAM, SDRAM, RDRAM, D — RDRAM& 

[007 6] 

[0 07 7] £ti§0!l 

(B) 7^'Jl/-h^fi^«toWH;SSl 0 

32g, 3— (vv* h*s/^y;i/) mwM^y 

1/-H. 6 8g, 7^-fV7fozh'j;i/ {AI 
BN) 0. 3 3g, 2—*Mb7 , h**S-)]'Q. 2 0 

g^vrn^i/v^yn— ;i^ey^^;i/^—7 i ^3 o 

P)i^'Jv-Mi^to GPCt^';^U> 

0 0, MtfWWW**^, OOOfMco s 
P<t£>§tlHS&9. SX'^fzo 
[0 078] m&M2 

(B) o<*) y?v\s-h&m^(Dim;±2d§m 

ffl ltiSOT, >fVWM^'JU-M8. 3 2g 
8. 3 2g*ffi^feflfettI^®^^^^V T7 

-««3Wf^nfco GPC*#y**u>iM«>w» 

^fi*«J^«fc, &¥$7}^S#8, 4 0 0, SS¥ 
i9#^&#18, lOOT^fco SPttOfft* 
<i&l 0. 8T-£o£o 
[0 0 7 9] ^iifU3 

(B) (^^) r^UU— h»M*(*®«R;±iai8i 
«lfc*3^T, /V^M^'JWHS. 3 2g 
£Jlvvf £ 2— t H o^r->rD £;M£ ^ U u— h 1 
8.3 2 g^^fcf&lifR^^ft^fTt^^^Uv 

^gswrt**:* 5, ooo, ms^ 

£J7>^S#8, 6 0 0T-$)-p>to SPfiCDtt^fl 
£12. 6T$>o£o 



[0080] USE^l 

^Jl/hlMh*S^>5>24 3. 6g (5S±ttfck#8? 
&£^&f|: 12 0. Og) , 1, 2 — (hV^h 
^ryy'jil/) Ji^>2 14. 5 g (5^Qzk£^fr£$J 
&|?: 8 0. Og) , mmWlt?M(D (B) J^#2 6 

9. 2g {WBft§m&: 4 0%) , 7Dtl,^>j3 
— ;i^ey 7*n t:;i/x.— 5 5 9. 3 g, -n— 
^>? L ;l/^b>2 3 9. 7 g<D*g£fg*£tc:, vM >^ 

1. Og (fflg/SiOR' =0. 0 0 1 mo lit) £ 
zM57. 7g (H.O/SiOR' = l. Omol 

it) ts*ufc2K^*ssTii»rafr(tTjarFbfco 

«ETC±»»fil, OOOgfc&sreiStt 
U ^7^*fi2 0%Ol^J^fflfiS^J*f#fco f#£ 
tLtzm&Vn* 8 -f>^> n V7oi/\±tc:;* e>3— h 
i£fc«fcD*&U ^*80°CT-5^K, fr^-zmMT 
2 0 0 °C"C 5 7>HS&[&& Lfctf>*>, £ t M&TX 3 4 0 
°C, 3 6 0°C, 3 8 0°ra«i-t:^ix^3 07>H-rojD 
SftU 2££JI£T4 2 5WlBSIIfflK»ftU 

[008 
i. 

^BJt^^i>M^ffifiS^8 0ml £SS 100m 

i ^ burnt xtvz mm u 40 ■c*— h * 
1 */3»Buk 0 mnm&<ov>7')\'* 2 5 

0 0 r pm3 1 #TO t>^- h^t«U ±131*1 
»*] llH^O^^T^bfc^^^^^B^tt 
(Rudolph Technologies^ S 
P ectraLaser20 0) ICTiH^U *<D$i<b 

m&) /jMBHu©if>^i'<0WW x 1 0 0} 

O:U8P£<b#<10% 
x : flgJP^fb^ 1 0% 

[0082] 2. nm^ 

->^w^^^mm.mv-^)^^\^tzo 
>7 , ;i/*ffl«a 1 0 0 kH z<Dmimx\ #m . t^— 
imtL HP 1 6 4 5 1 Bwm&± 

^HP4 2 84A7l/yya>LCR^-^»^C 
[0 08 3] 3. Sl^^ 
4. jfflffL»^ 

f#^tLfcafb«J®j«ff^*s COULTERS o 
MNISORP 1 00/360 S E R I E S^rffiV^ 



(14) 

0:10 nm&±<Dffl&&m&£>tifr^o 

[0084] 5. 

tZo 

6. qa*a 

f#£>ft,£g8II£l 2 7°C 2. 5atm, 100%R 

LT, 3 , 5 0 0c m"^jacDH. O££e0?-£>iMX£> 

O : iRKfttb 
x : ift?K«D 

[008 5] 7. CMP^ti 

ffi&E.j] : 3 0 0g/cm' 
flftglSfIS: 6 0fj> 

OiSfbfcb 

x : iTUm 0 
[0 08 6] H»'J2 

n«g i tciji it. ( b ) vxmrnm 2 eras© 
mtmim$M*mi Uz 0 mm*m 1 

Hffli#J3 

1 t*$^T, (b) oat. Lrmmmtimo 

[0087] HflSPH 

fjj&H: 2 0. Og) > ^^UhU^ h*>">7>l 6 
2. 4 g : 8 0. Og) , 3> 

4HW: 2 0. Og), 1, 2— tr* (b'JxF^» 
U;iO /*>2 30. 5 g (^iDTk^ag^^: 
8 0. Og) , CSgmSBOO (B) JiS#l 6 6. 7g 
4 0%) , rD^u>^'^-wy 
7 t ;u7 9 8. 9g©?it^gf$£, 
1. lg OWK/SiOR' =0. OOlmoltb) £ 
#17 1. 3g (HrO/SiOR' = l. Omol 

it) t**Lfc*««*asT 1 KK^^TiarFbfeo 

®&»DaT»7«^ £ £ t 6 0 °CT 2 KfH0&$ 
CD*. *ETC±S*«1, 0 0 0gfcfc*£-C«tt 

[008 8] M&ixsblillMM 8 >T >^> U n 



*£P§2 0 0 1— 2 9 9 3 
*V^^T2 0 0 e CT5^Kj&[|^Lfe^ 

ts^TT-3 4 0 o a 3 6o°a 3 8o«c©ir«*L* 

flffimhl^fcMbfco ££JH£ltl Ic^To 
[008 9] H&6^5 

=r\^* ^yyy7>l 0 1. 3g (^toK#J» 
40. Og) . ^^l/MM h**»7>2 
03. Og (^JDTkT^i^^^ : 100. 0 
g) , 1, 2— (h'Jxh^»>J;i/)x^>16 
0. 9g (^ADzK^M^^«^ : 6 0. 0g),H 

mmnzmcD (B)^i6 6. 7 g (mz&$ti&: 
40%) , rDhfu>^ijrj—;i/^e^rD^;i/x— 

7 8 3. 2 g, ^-i-7D^y - tr* (J^Pr-fe 
fyM?x-h) W>1. 7g (m/SiOR' = 
0. 0 0 4molit) ®iid«f*fc:, 7K17 7. 5g 
(H t O/SiOR" = l. Omolit) £60°CjJjnS 

-pcmra<p«tTanFUfco iga«&©aT»m 

{c6 0°CT*2B#B&t^^cr)t), ?**)V7*Y>\ 
0 0.0 g£JDx., «BETT?±Wftft 1,00 

ogfcfcsrt-igffcu wm$m&2 o%<Dffl®m 
[ 0 0 9 0 ] ft & ntzwm* a>o^>*)zi>v*/\ 

^^T^T2 0 0°CT5^Htel^Lfc©^ 2£ 
^^TT3 4 0°a 3 6 0°C, 3 8 0°CCDJ«lT^n^ 
*i3 O^H-foJimU $ &fc*£T4 2 5°CT 1 

[0091] tt«m 

stnwifc*t^ mmmuzm®.® (B) jse^g&b 

fffi^> H5£^ll i:Inl^icL/TfTofeo /S^^l^ 
[009 2] tt^32 

^^-;UhUy« h^^>^^>4 0 5. 9g (^^DtK^ 
if^^»^ : 2 0 0. Og) > mmWlgdffiQ) (B) fi£ 
^2 14. 3 g (WSm&GA: 4 0%) , 7-ot^U> 
y-'j3-Wy^^l/x-r;i/7 9 9.0 gC7)^^M 
ic, TU^fyfl. Og 0Ba/SiOR' = 0. 00 
1 mo lib) ^tKI 6 1. 1 g (Hi O/S i OR 1 = 

i . o m o 1 1±) LtzTkmmzmux- 1 km 

T^T Ltzo m&VO<Dm : ffeT'&. $ h t: 6 0 °CT 2 B# 
HEJBStffcOtK «ETT±»»fl 1 , 0 0 0 g i:^ 
-5 * tW WB&ASGB. 2 0 %(Dm%£m®J$M)Z 

^T^T2 0 0 e CT5^KJ[l[^UfcO^ 

TT3 4 0°a 3 6 0°^ 3 8 0'C©jaffT**l^ft3 0 
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[009 3] it^33 

jOfimW3i*T, Kiifl 1 iztzmw (B) 



2 0, 0 0 0) »tStm Hffi^l^(5jSltcL 

fee *£J&£ftltc*1% 
[0 0 9 4] 

Ml] 



i i mmm i jum 
i 1 1 

| I1I2I3I4I6I1I2I3 

I I I I I I 1 I I — 

Jfr*S££tt IO IO IO IO IO IO IO IO 

1 — I — I — I — I — I — I — I — 

W$m& 12.3 12.3 12.2 12.4 12.4 13.0 I 2.3 I 2.5 

I I I I I I I I — 

Rtfff fe/ca") 1 1.1 11.1 1 1.0 11.2 11.2 |1.7 |1.1 11.3 
1 | 1 1 I 1 I — I — 

mnftt io io io io 10 10 10 i x 
1 — i — i — i — i — i — i — i — 

(GPa) |4.1 |4.0 13.8 1 4.9 1 4.3 19.5 |1.8 13.8 

I I I I I I I I 

IO IO IO IO IO IO IO IO. 

1 — I — I — I — I — I — I — I — 

CMPH& IO IO IO IO IO IO ix | A 



[009 5] 

[&W<D%m] 4&Bto££tti& 4 5 0°CfeJlTT?©«fb 



(i2mw% urn em 



F*— A(##) 4J002 BG042 BG052 BG062 BG072 
CD 192 CP051 EC036 EC046 
EE036 EE046 EH006 EH036 
EH146 EH156 EL066 EL086 
EP016 EU026 EU076 EU236 
FD310 GHOO GPOO GQ01 
GQ05 

4J038 CG142 CH032 CH042 CL002 
DL021 DL03I GA15 JC32 
KA06 NA21 PA19 PB09 



